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Objectives. The objective ofthis study was to evaluate the effect 
of age and coronary artery disease on responses to snow shoveling. 
Background. Little information is available on the hemody-
namic and metabolic responses to snow shoveling. 
Methods. Sixteen men with asymptomatic coronary artery 
disease and relatively good functional work capacity, 13 older 
normal men and 12 younger normal men shoveled snow at a 
self-paced rate. Oxygen consumption, heart rate and blood pres-
sure were determined. In nine men with coronary artery disease 
left ventricular ejection fraction was evaluated with an ambula-
tory radionuclide recorder. 
Results. Oxygen consumption during snow shoveling dif-
fered (p < 0.05) among groups; it was lowest (18.5 ± 0.8 mIlkg 
per min) in those with coronary artery disease, intermediate 
(22.2 ± 0.9 mllkglmin) in older normal men and highest 
Snow removal from private driveways and sidewalks is a 
relatively common requirement in many areas during the 
winter months. Lack of information on the cardiovascular 
responses to snow shoveling combined with anecdotal re-
ports of cardiac events during or immediately after snow 
shoveling have led some clinicians to advise all persons with 
coronary artery disease, regardless of functional work toler-
ance and prognosis, against shoveling snow. This advice is 
difficult for some patients to follow because of problems in 
paying or finding someone to remove snow. 
The primary purpose of this study was to evaluate the 
energy cost and relative cardiovascular stress encountered 
during snow shoveling. Men with coronary artery disease, 
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(25.6 ± 1.3 mIlkglmin) in younger normal men. Percent peak 
treadmill oxygen consumption and heart rate with shoveling in the 
three groups ranged from 60% to 68% and 75% to 78%, 
respectively. Left ventricular ejection fraction and frequency of 
arrhythmias during shoveling were similar to those during tread-
mill testing. 
Concluswns. During snow shoveling 1) the rate of energy expen-
diture selected varied in relation to each man's peak oxygen con-
sumption; 2) older and younger normal men and asymptomatic men 
with coronary artery disease paced themselves at similar relative 
work intensities; 3) the work intensity selected represented hard 
work but was within commonly recommended criteria for aerobic 
exercise training; and 4) arrhythmias and left ventricular ejection 
fraction were similar to those associated with dynamic exercise. 
(J Am CoU Cardiol1992;20:1111-7) 
age-matched older normal men and younger normal men 
were evaluated to assess whether responses to snow shov-
eling differed because of coronary artery disease or age. It 
was hypothesized that the energy cost of snow shoveling 
would differ among the three groups in relation to differences 
in functional work tolerance. 
Methods 
Subjects. Sixteen asymptomatic men with coronary ar-
tery disease (mean age ± SE 63 ± 2 years), 13 age-matched 
normal men (61 ± 2 years) and 12 younger normal men (40 ± 
2 years) participated. All 16 men with coronary artery 
disease had, alone or in combination, a documented myo-
cardial infarction (n = 12), coronary artery bypass surgery 
(n = 8) or percutaneous angioplasty (n = 2) at least 3 months 
before the study. Ten patients hadan inferior wall myocar-
dial infarction, 1 patient had an anterior wall infarction and 1 
had a non-Q wave infarction. Medications included a beta-
adrenergic blocking agent in two patients, a calcium channel 
blocker in two, digitalis in three, an antiarrhythmic agent in 
two, a nitrate in two and an angiotensin-converting enzyme 
inhibitor in one patient. The mean body weight was 80 ± 3, 
83 ± 3 and 81 ± 3 kg, respectively, in the coronary artery 
disease, the older normal and the younger normal group. 
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Before participating in the project, the volunteers received a 
verbal explanation of the general procedures and signed a 
consent form approved by the Human Research Review 
Committee at the Veterans Affairs Medical Center and The 
Medical College of Wisconsin. 
Preliminary evaluation. All volunteers initially under-
went a physical examination and a treadmilI exercise test 
with use ofa modified Balke protocol (1). The electrocardio-
gram (ECG) was continuously monitored with treadmiIl 
testing, and a 12-lead ECG was recorded at maximal effort. 
Blood pressure was taken at the end of each stage of exercise 
by mercury sphygmomanometer. Oxygen consumption was 
measured by open circuit spirometry (2). The highest minute 
values of measured oxygen consumption and heart rate were 
defined as maximal responses and subsequently used to 
assess the relative work of snow shoveling. 
Any volunteer unable to exercise to fatigue or to achieve a 
functional work tolerance of at least 5 metabolic equivalents 
(METs) was excluded from the study. All normal volunteers 
who showed evidence suggestive of coronary artery disease on 
the basis of medical records, rest and exercise ECG responses 
or symptoms, alone or in combination, were excluded. Men 
with coronary artery disease who demonstrated evidence sug-
gestive of myocardial ischemia at a work load <85% of peak 
oxygen consumption were excluded, whereas three men who 
had I-mm ST segment depression at peak exercise were 
included in the study. None experienced chest pain. 
Experimental session. At least 3 days after the treadmiIl 
exercise test, the subjects were evaluated during snow 
shoveling with a lightweight aluminum shovel on an outdoor 
cement-based patio in which the snow depth was at least 
2 in. (5.1 cm) (generally 3 to 4 in. [7.6 to 10.2 cm]). For the 
first to subjects in each group, three methods of snow 
shoveling were sequentially evaluated: l) self-paced lift-
throw, in which the men were instructed to repetitively 
lift-throw snow to the side at a rate used to remove snow at 
home; 2) self-paced push-throw, in which the men were 
instructed to push snow approximately three steps before 
throwing (to simulate pushing snow to the edge of the 
driveway before lifting and throwing); and 3) paced shovel-
ing in which the men were instructed by a prerecorded audio 
tape to lift-throw a load of snow at a rate of 12 loads/min. 
Each method was performed for 8 min to allow sufficient 
time to achieve approximate steady state conditions. A rest 
period of 5 to to min was interspersed between each proce-
dure. The remaining subjects within each group were eval-
uated for 30 consecutive min while performing the first 
procedure (self-paced lift-throw snow). 
Measurements. During shoveling the subject's ECG and 
heart rate were assessed by telemetry. Blood pressure was 
taken immediately after the last minute of the protocol while 
the subjects held a load of snow. Oxygen consumption was 
determined during min 6 and 8 of each procedure. A dry gas 
meter was used to measure inspired ventilation rate, and 
expired gas was collected in meteorologic balloons. The gas 
content of the collected expired gas was determined with 
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calibrated gas analyzers within 5 min of collection. Rating of 
perceived effort was obtained according to the Borg 6- to 
20-point scale (3) at the end of each protocol. 
In nine subjects with coronary artery disease, left ven-
tricular function was assessed during snow shoveling with a 
portable nuclear VEST monitor (Capintec). These subjects 
also underwent a graded treadmill exercise to maximal effort 
on the same day, so that left ventricular responses to snow 
shoveling and dynamic exercise could be compared. These 
subjects initially reported to the nuclear testing laboratory in 
the morning for placement of the VEST monitor. Their red 
blood cells were labeled in vivo with 25 to 30 mCi of 
technetium-99m. A gamma scintiIlation camera was used to 
place the VEST radiation detector over the left ventricular 
blood pool. A second detector was placed over the subject's 
right lung to monitor background radio nuclide activity. A 
red marker was placed on the subject's chest at the top edge 
of the VEST garment to permit the investigators to check 
garment positioning before and after each procedure. A left 
ventricular ejection fraction obtained during seated rest was 
determined in the left anterior oblique view with use of 
muitigated acquisition imaging procedures (a gamma scintil-
lation camera coupled with a computer). After the baseline 
VEST measurements were taken in the seated position in the 
nuclear laboratory, the subject performed snow shoveling 
outdoors and a graded treadmiIl test indoors. Between the 
two tests the subject rested in the upright position at the 
medical center for approximately 3 h. At the end of the 
second test, the positioning of the VEST detector mount was 
checked visually, as well as with a static image on the 
gamma scintilIation camera. 
VEST data analysis. An independent experienced techni-
cian analyzed the VEST recording tape in 30-s intervals to 
determine the left ventricular ejection fraction, relative left 
ventricular end-diastolic and end-systolic volumes, arrhyth-
mias and ECG ST segment changes. Before each tape was 
analyzed, three steps were followed to assess the technical 
adequacy of the data. First, static gamma camera images 
taken at the beginning and end of each study protocol were 
compared to evaluate for possible movement of the VEST 
detector position during the study protocol. Before the tapes 
were analyzed, trend plots of left ventricular and back-
ground counts were evaluated for any abrupt changes over 
time that would suggest a change in VEST detector position-
ing. Finally, the quality of the individual time-activity curves 
were evaluated. One subject's data from treadmiIl testing 
was omitted because of an apparent shift in the VEST 
detector positioning between sessions. In the determination 
of relative left ventricular volumes, left ventricular end-
diastolic volume at the beginning of the tape in the seated 
position at rest in the nuclear testing laboratory was desig-
nated as 100%. All other left ventricular end-diastolic vol-
umes and all left ventricular end-systolic volumes were 
calculated relative to the initial left ventricular end-diastolic 
volume. Others (4-10) have shown that left ventricular 
ejection fraction data obtained from the VEST at rest or with 
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Table 1. Peak Responses to Dynamic Exercise Testing 
Men With Older 
Coronary Artery Normal 
Disease Men 
Oxygen consumption 27.4 ± 1.0 34.8 ± 1.4' 
(ml/kg per m\) 
Heart rate (beats/min) 156 ± 4 171 ± 3' 
Systolic pressure (mm Hg) 208 ± 5 218 ± 4 
Diastolic pressure (mm Hg) 90 ± 2 89 ± 3 
Respiratory exchange ratio 1.16 ± 0.02 1.14 ± 0.01 
Rating of perceived effortj: 18 ± 0 19 ± 0 
Younger 
Normal 
Men 
42.8 ± 2.0·t 
186 ± 3·t 
205 ± 6 
80 ± 3·t 
1.16 ± 0.01 
19 ± 0 
'p < 0.05 versus coronary artery disease group. tp < 0.05 older versus 
younger normal group. j:A scale used to evaluate the subject's perception of 
effort with very light = 7 and very hard = 19, with 20 representing the 
maximal effort that could be tolerated. 
dynamic exercise, or both, are accurate compared with gamma 
camera data, are highly reproducible and are consistent with 
known cardiac responses in patients with cardiovascular dis-
ease. 
Statistical analyses. Paired t tests were used to compare 
responses during min 6 and 8 with each method of snow 
shoveling. Because responses during min 6 and 8 did not 
differ, only values at 8 min were analyzed further with 
analysis of variance to determine whether differences ex-
isted between the three groups. The Fisher protected least 
significant difference test was used to test for mean differ-
ences. A p value < 0.05 was considered significant. All 
values are reported as mean value ± SE. 
Results 
Preliminary evaluation. The peak responses to a prelim-
inary symptom·limited treadmill exercise test in the three 
groups are presented in Table 1. Peak oxygen consumption 
differed (p < 0.05) among the three groups; it was lowest in 
the group with coronary artery disease, intermediate in the 
older normal group and highest in the younger normal group. 
Self·paced lift·throw snow sho\'eling conditions. The air 
temperature during snow shoveling averaged -1.5 ± OAoC. 
The weight lifted (shovel plus snow) was determined in a 
subgroup of subjects and averaged 4.8 ± 0.3, 4.8 ± 0.7 and 
5.3 ± 0.7 kg for the coronary artery disease (n = 8), the older 
normal (n = 6) and the younger normal (n = 6) group, 
respectively (p = NS). The shoveling rate/min in the coro· 
nary artery disease group (18 ± 1) was lower (p < 0.05) than 
in the younger normal group (23 ± 2), whereas the shoveling 
rate for the older group (21 ± 2) did not differ significantly 
from that in the other two groups. 
Oxygen consumption with self· paced lift·throw showling. 
Oxygen consumption with self·paced lift-throw snow shov-
eling differed (p < 0.05) among the three groups; values were 
lowest in the coronary artery disease group, intermediate in 
the older normal group and highest in the younger normal 
group (Fig. 1). For the subgroup of seven patients with 
coronary artery disease who continued to perform self· paced 
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Figure 1. Mean oxygen consumption (V02) and METs with self-
paced lift·throw snow shoveling in men with coronary artery disease 
and older and younger normal men. *p < 0.05 versus group with 
coronary artery disease. tp < 0.05 older versus younger normal 
group. METs = metabolic equivalents assuming a rest oxygen 
consumption of 3.5 mIlkg per min. 
lift-throw for 30 consecutive min, oxygen consumption and 
heart rate did not change between 8 and 30 min. This group's 
oxygen consumption and heart rate during min 8, 20 and 30 
were 16.8 ± 0.6,16.6 ± 0.6 and 17.2 ± 0.8 mllkg per min and 
113 ± 7, 114 ± 8 and 116 ± 9 beats/min, respectively. 
Relative work of self.paced Iift·throw shoveling. When 
oxygen consumption with self·paced Iift·throw snow shov-
eling was expressed in relation to each subject's treadmill 
oxygen consumption (that is, percent of peak oxygen con-
Figure 2. Percent maximal oxygen consumption ('V02) and percent 
maximal heart rate attained with self·paced lift·throw snow shovel· 
ing in men with coronary artery disease and older and younger 
normal men. Common training zones represent limits typically 
prescribed for aerobic training. 
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Table 2. Left Ventricular Response to Snow Shoveling and 
Treadmill Exercise at Matched Rate-Pressure Products in Seven 
Men With Coronary Artery Disease 
Rest Snow Shoveling Treadmill 
LV ejection fraction (%) 42 ± 3 51 ± 5* 51 ± 4* 
LV end-diastolic volume (%) 100 ± 0 113 ± 3*t 99 ± 3 
LV end-systolic volume (%) 59 ± 4 58 ± 6t 48 ± 7· 
*p < 0.05 versus rest. tp < 0.05 comparing snow shoveling with treadmill 
exercise at matched rate-pressure products. LV = left ventricular. 
sumption), no significant differences existed among the three 
groups (Fig. 2). Similarly, percent of peak treadmill heart 
rate did not differ among the groups (Fig. 2). Rating of 
perceived effort during self-paced lift-throw snow shoveling 
did not differ among the groups and averaged 14 ± 1, 13 ± 0 
and 13 ± 0 for the coronary artery disease, the older normal 
and the younger normal group, respectively. Respiratory 
exchange ratio also was similar during snow shoveling, 
averaging 0.93 ± 0.01, 0.92 ± 0.02 and 0.95 ± 0.01 for the 
coronary artery disease, the older normal and the younger 
normal group, respectively. 
Blood pressure with self-paced lift-throw shoveling. Blood 
pressures (while momentarily holding a load of snow) in the 
coronary artery disease, the older normal and the younger 
normal group were, respectively, 169 ± 6, 170 ± 5 and 169 ± 
6 mm Hg for systolic pressure and 97 ± 3, 93 ± 3 and 94 ± 
4 mm Hg for diastolic pressure. No significant differences 
existed among the three groups in these blood pressure 
responses. Compared with peak blood pressure responses to 
treadmill testing, systolic blood pressures were lower (p < 
0.05) during snow shoveling and diastolic blood pressures 
were higher (p < 0.05) in all three groups. 
Left ventricular function with self-paced lift-throw shovel-
ing. The left ventricular responses obtained with snow 
shoveling and treadmill exercise in the subgroup of subjects 
with coronary artery disease who wore the VEST monitor 
are shown in Table 2. Mean left ventricular ejection fraction 
increased 9% with snow shoveling. Left ventricular ejection 
fraction responses during snow shoveling and treadmill 
exercise were similar when compared at matched rate-
pressure products but higher (p < 0.05) with snow shoveling 
than at treadmill peak effort (43 ± 4%). None of the subjects 
showed a decrease in left ventricular ejection fraction below 
~ 80 80 
e 
0 
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Table 3. Oxygen Consumption With Three Methods of 
Snow Shoveling 
Self-Paced Self-Paced Paced Lift-
Lift-Throw Push-Throw Throw 
Men with coronary artery 18.9 ± 2.0 18.6 ± 0.9 
disease (n = 4) 
Older normal men 22.4 ± 1.1 22.2 ± 1.0 
Younger normal men 25.2 ± 1.6 24.4 ± 0.9 
*p < 0.05 versus self·paced lift-throw. 
16.4 ± 0.7 
19.1 ± 0.9· 
24.0 ± 1.0 
values at rest with snow shoveling, and the majority showed 
a ;:::5% increase compared with values at rest (Fig. 3). 
Relative left ventricular end-diastolic volume with snow 
shoveling increased (p < 0.05) above that at rest and was 
greater (p < 0.05) than at a comparable rate-pressure prod-
uct with treadmill exercise. Relative left ventricular end-
systolic volume did not change with shoveling from values at 
rest and was greater (p < 0.05) than that at a comparable 
rate-pressure product on the treadmill. 
Comparison of three methods of snow removal (Table 3). 
Oxygen consumption responses with self-paced lift-throw, 
self-paced push-throw and paced lift-throw snow shoveling 
are presented in Table 3. The 9 subjects with coronary artery 
disease who underwent VEST monitoring with snow shov-
eling and treadmill testing did not perform the paced snow 
shoveling protocol because they performed a treadmill test 
on the same day. The only difference (p < 0.05) found among 
the three methods was a lower oxygen consumption with 
paced shoveling than with the other two methods in the older 
. normal group. The use of sequential rather than randomized 
order among the three methods of snow shoveling might 
have affected these results. However, it should be noted that 
oxygen consumption did not differ from 8 to 30 min in those 
who performed self-paced lift-throw for 30 consecutive 
minutes. 
Electrocardiographic responses. The ECG was not evalu-
ated for ST segment changes because of ECG artifact with 
snow shoveling. None of the three subjects with ECG ST 
depression with treadmill testing shoveled snow at an oxy-
gen consumption or rate-pressure product that exceeded the 
level at which ischemia occurred with treadmill testing. 
None reported symptoms suggestive of angina during snow 
shoveling or treadmill exercise. During snow shoveling the 
~ :;::; ~ u 60 Figure 3. Individual left ventricular (LV) as 60 ... . ejection fraction responses at rest and Ll-e with self-paced lift-throw snow shoveling 0 and during treadmill exercise at matched :;::; 40 40 u rr- rate-pressure products. GI 
.... iii ... 
• 
-> 20 20 ..J 
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16 men with coronary artery disease had only rare (::52/min; 
14 men) or occasional (3 to 6/min; 2 men) premature ventric-
ular contractions. The same responses were obtained with 
treadmill testing, although the two men with occasional 
premature ventricular contractions on the treadmill were not 
the same two men who had such contractions during snow 
shoveling. Rare ventricular couplets were evident in two 
men during treadmill exercise and in one man during snow 
shoveling. 
Discussion 
Reported associations among cold weather, snow shoveling 
and cardiovascular death. Considerable uncertainty exists 
regarding the safety of snow shoveling for middle-aged and 
older persons. Death rates from cardiovascular disease have 
been reported to be greater during the winter months (11-
16), and the increased mortality is generally attributed to 
cold ambient temperatures or snow shoveling, or both. 
Thakur et al. (15) reported higher rates of myocardial 
infarction in the winter months even without snowfall, 
suggesting that cold ambient temperatures alone are associ-
ated with an increase in cardiovascular events. Similarly, 
Mannino and Washburn (17) showed that the mortality rate 
from myocardial infarction remained higher in the winter 
when deaths occurring within the 1st 2 days of a significant 
snowfall were omitted. The suggested mechanisms for in-
creased risk of myocardial infarction during cold weather 
include an increase in arterial blood pressure, coronary 
spasm or vasoconstriction and increased thrombus forma-
tion (13-15,18). Many patients report an increased incidence 
of angina in cold weather, although when evaluated during 
exercise in a cold environment, many do not show objective 
evidence of a lower rate-pressure threshold for an ischemic 
response or reduced work tolerance (19-22). Many investi-
gators (19,20,22,23) have observed an increase in systolic 
blood pressure with exposure to cold air. On the basis of a 
higher or unchanged rate-pressure threshold at the onset of 
ischemia during exercise in a cold compared with a neutral 
environment, some workers (22,24) have concluded that the 
increased ischemic response in the cold is due to greater 
myocardial oxygen demand associated with the pressor 
response. Juneau et al. (25) recently reported ischemia at a 
lower rate-pressure product during exercise in the cold and 
suggested that their results were more consistent with a 
cold-induced increase in coronary artery tone than with an 
increase in myocardial oxygen consumption. 
A relation between cold snaps, snowfall and sudden death 
was found by Anderson and Rochard (11) for Canadian men 
<65 years old. These investigators suggested that clearing 
snow from sidewalks and driveways may be a greater risk for 
sudden death than a drop in air temperature. Other reports 
(12,26,27) have also suggested an increase in cardiovascular 
deaths associated with snowfalls. 
Energy expenditure with snow shoyeling. To our knowl-
edge, no information is available on the oxygen consumption 
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or cardiovascular responses of patients with coronary artery 
disease to snow shoveling, even though some patients report 
that they shovel snow. In addition, very little published 
information (28) is available on the responses of normal 
persons. Our results indicate that the rate of energy expen-
diture of self-paced lift-throw snow shoveling differed among 
the three groups evaluated and was related to differences in 
peak oxygen consumption. The rate of energy expenditure 
during snow shoveling was lowest in the group with coro-
nary artery disease, highest in the younger normal group and 
intermediate in the older normal group. The average MET 
cost of shoveling ranged from 5.3 to 7.3 for the three groups 
evaluated. 
The similarities between the three groups in terms of 
percent peak treadmill oxygen consumption and heart rate, 
as well as rating of perceived effort with self-paced lift-throw 
snow shoveling, suggest that the men paced themselves 
according to relative perceived effort. The work intensity 
selected (that is, 60% to 68% of peak oxygen consumption 
and 75% to 78% of peak heart rate) indicates that the 
subjects paced themselves at a relatively high intensity of 
effort but below the upper limit of 80% of peak oxygen 
consumption and 85% of peak heart rate frequently recom-
mended for aerobic training (1). 
In the young normal group, oxygen consumption did not 
differ between self-paced and paced snow shoveling despite 
a slower rate of lifting during the paced protocol. Visual 
observations suggested that these men increased their shovel 
load weight when paced at a slower lifting rate. In contrast, 
the oxygen consumption of the older normal group was less 
with the paced method. Although the men with coronary 
artery disease tended to have a lesser oxygen consumption 
with paced than with self-paced shoveling, interpretation of 
these data is limited because only 4 of the 16 patients in this 
group performed paced shoveling. 
Blood pressure with snow shoveling. Systolic blood pres-
sure was lower during self-paced snow shoveling than at 
peak treadmill exercise for all groups. Although diastolic 
blood pressure was higher with snow shoveling than at peak 
treadmill exercise, the magnitude of the increase was less 
than that reported for carrying or repetitively lifting objects 
weighing 14 to 23 kg (29). The weight load during snow 
shoveling averaged about 5 kg, which probably explains the 
lesser pressor response with snow shoveling than with lifting 
or carrying heavier loads. However, shoveling snow mixed 
with rain or gravel could increase the weight load and 
thereby increase the blood pressure beyond that observed in 
the present study. 
Myocardial function. A concern is that myocardial func-
tion may be compromised during snow shoveling because of 
increased myocardial afterload, coronary vasospasm or cir-
culating catecholamines with cold exposure or static effort. 
In the present study, left ventricular ejection fraction in men 
with asymptomatic coronary artery disease remained the 
same as that obtained during treadmill testing at matched 
rate-pressure products. The mean increase in ejection frac-
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'tion with snow shoveling was 9% above the rest value, an 
increase that is considered a normal response to exercise and 
suggests a nonischemic response. Although others (30) have 
reported no change or a decrease in ejection fraction during 
static exercise in patients with coronary artery disease, snow 
shoveling involves a significant dynamic component, which 
probably accounts for the similarity of the ejection fraction 
response to snow shoveling and treadmill exercise. How-
ever, the higher relative left ventricular end-diastolic and 
end-systolic volumes with snow shoveling than with tread-
mill exercise at comparable rate-pressure products suggest 
that myocardial afterload is slightly elevated because of the 
static component of lifting snow or exposure to cold air, or 
both. 
After shoveling snow, most subjects did not report dis-
comfort from the cold air, and it is likely that the metabolic 
heat generated from working at approximately 60% to 68% 
of peak oxygen consumption helped to maintain thermal 
comfort during shoveling. In fact, for some persons, a work 
rate of relatively high intensity during snow shoveling com-
bined with clothing sufficiently warm to enable them to feel 
comfortable at the start of the activity may result in more 
stress from heat than from cold during snow shoveling. 
Increased heat production could increase cutaneous periph-
eral blood pooling and in combination with metabolically 
induced muscle arterial vasodilation, the absence of a cool-
down period and a hot shower immediately after snow 
shoveling could theoretically compromise venous return and 
coronary perfusion pressure in the period immediately after 
shoveling. 
Arm work required with snow shoveling. Work capacity 
is less for the arms than for the legs because of differences in 
muscle mass. Peak oxygen consumption with an arm crank 
ergometer is approximately 70% of that attained with dy-
namic leg work (31). As a result, heart rate, blood pressure 
and rating of perceived effort are higher at a given unit of 
submaximal oxygen consumption with arm crank than with 
treadmill exercise (31,32). Because snow shoveling involves 
arm work, it has been suggested that tolerance for it might be 
less than predicted from treadmill exercise (33). However, 
because snow shoveling is performed with both arms and 
legs, peak achievable oxygen consumption is probably 
higher than that obtained during arm crank ergometer testing 
because of greater muscle mass involvement (34). The ability 
of the subjects to perform snow shoveling at the same level 
of oxygen consumption from min 8 to 30, a percent peak 
heart rate of 75% to 78%, a rating of perceived effort 
between 13 and 14 and absence of labored breathing at the 
end of snow shoveling suggests that tolerance for snow 
shoveling was appropriately predicted from treadmill test-
mg. 
Clinical application. The men with coronary artery dis-
ease evaluated in the present study were in stable condition 
and asymptomatic, had relatively good functional work 
capacity and had no ECG evidence for ischemia with tread-
mill testing at the rate-pressure product encountered during 
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snow shoveling. Although the men paced themselves below 
the upper limit frequently recommended for aerobic training, 
the level of effort selected represents relatively intense 
exercise. It therefore seems prudent that persons either at 
risk for or with coronary artery disease undergo an exercise 
stress test similar to that recommended for persons partici-
pating in any relatively high intensity aerobic exercise train-
ing program before shoveling snow (35). On the basis of the 
5.3 mean MET level attained with snow shoveling in the 
group with coronary artery disease, those with a work 
capacity of 5,7 METs should probably be advised not to 
shovel snow after a moderate to heavy snowfall. Peak 
oxygen consumption during treadmill exercise was mea-
sured rather than estimated in the present study. If peak 
MET capacity is instead estimated from the treadmill work 
load attained at peak effort, little or no handrail support 
should be permitted during testing to allow a more accurate 
assessment of functional work tolerance (35). In addition, 
even those patients with a MET capacity >7 should be 
advised not to shovel snow after a moderate to heavy 
snowfall if they have evidence of ischemia at a work inten-
sity of <80% of peak oxygen consumption because our 
results indicate that most persons pace themselves at 60% to 
68% of peak oxygen consumption during snow shoveling. 
Because of the relative stress encountered with snow 
shoveling, persons who want to shovel snow should be 
highly encouraged to participate in an aerobic training pro-
gram on a regular basis so that their body will be accustomed 
to and prepared for the high intensity work. 
Patients with coronary artery disease are often prescribed 
medications that could alter the cardiovascular response to 
work in a cold environment because of drug-induced 
changes in peripheral or coronary artery vasomotor tone, or 
both (24,25). Although nonselective beta-adrenergic block-
ing agents increase vascular resistance and could theoreti-
cally increase cold-induced vasoconstriction, Juneau et al. 
(25) recently showed that propranolol delayed the onset of 
exercise-induced ischemia in a cold (-8°C) environment to 
the same extent as in a neutral environment. Diltiazem also 
delayed the onset of myocardial ischemia and, in addition, 
increased exercise duration in both the cold and neutral 
environments. 
Conclusions. Our results indicate that I) men with coro-
nary artery disease and healthy older and younger men 
paced themselves in relation to their individual maximal 
work capacity while shoveling snow, as evidenced by similar 
average percentages of peak oxygen consumption and peak 
heart rate in the three groups; 2) the average work intensity 
selected represents relative high intensity effort but falls 
within the upper limit commonly prescribed for aerobic 
training; and 3) the left ventricular ejection fraction response 
to snow shoveling is the same as the response to treadmill 
exercise at comparable rate-pressure products. The men 
with coronary artery disease evaluated in this study had 
relatively good functional work capacity, were asympto-
matic and did not demonstrate ECG evidence of myocardial 
JACC Vol. 20. No.5 
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ischemia at <85% of their peak oxygen consumption. The 
appropriateness of snow shoveling for patients in higher risk 
categories is not known. 
We acknowledge the valuable technical expertise of Barbara Blaney. CNMT 
in the VEST monitor data collection. 
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